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10 Clims. 
1 
This invention-relates te the art-of-metal 
worki.ng by cutting tools. Its-primary.object is 
te effect rough cutting and- finish cutting of a 
work pi.ece by means of separae-cu.ters -in a pró- 
gressive operaçion-withouç changing the-manner 
in.-whieh the work piece and..tools are-set up in 
-the.maohinm A part of .the objeet is-oimparç 
a rel-tive enerating movement-between the .wórk 
and he cutr-by which he shing eut is ruade 
of-:sueh .a-character that-çhe surfaces geerted 
on-.he work are otherwise han- complemen-tal 
he profile of the cuer A nal  object-is te pro- 
al.ueo .hed work pieces from-a prviously,uncu 
blank-in .less-rime .than is-reuired- by he-pro- 
cedures heretofore used, and.-with 'an-accuracy 
and quality of nish-equal. to--t obtained-by 
the»more.-time couming .roughing and shing 
operations of the .pior art.. 
The pri.ncilesof,,the invention maF beapplied 
 .machine tools ,of various-desns-for.producing 
machineelements and other werk piecesof varióus 
kds. One type of werk ,which E .haro had par- 
tieula]qy.in view-is for he rough Cutti-ng and gen- 
 erative sh cutti.ngof gear teeth.. Theembodi 
men of .the invention .here illustrated ,is .a .ma- 
chine designed for. cu.tting ,gears with generated 
-teoth .face. curves.bythe--agency of mflling ent- 
iers and in the followg description those-pin- 
ciples are xplained -wi reference- te that- ma- 
chine,, but ithout ineat te ,limit ,the  scope of 
'the OEnvention speccally thereço 
I the dawgs, 
Fig. 1 is-a front eleva:tio er .the-machne re- 
ferred te ; 
Fig. 2 is 'a ver-tical section of-the-machie taken 
on:line  0fFig. 1; 
Figs. 3 and 4 are detail sections.taken-on ,lines 
3 .:n 4 .respectivèly;.of. Fig ..- 
:gs. 5 .:and..6 ,are sections tken--ón. lines 
and ;reectively,:of Fige ,1 :-. 
Fig:: 4s-a prtial .rear-elea-tien. er the. maChe 
and../a partil- section Showing-'dèils óf-he w0r 
indexing, mea ith »which  e:-macne.-is 
vided.;- 
.ig.. 8s a. section, taken on-line 
:g. 9 is-a frentay-rear.'etevgtion ef»the 
mache=shog -the :mens:y Nich generative 
rotation,is imparted-te he-wok.dig..he,:fin - 
ish cutting acti0n:of the- machifle ;.. 
gs, «10.nd. 11. ;are sectionl: es 4ken- on 
les-4 @-a-: , respectively» :o.g...: 9 ;: 
Figv.I2-is a diagra.0f the hydraliesystem.by 
whiCh :cert.pa-oI :the,maChine:are:ime lled 
lu aving outkeir- opem.tious; 
.g. :13 :is a sChematic :diagram of the.-èlrical 

(CI. 90-,--3)  
2 
means by. which .othm-parts are driven and ail 
parts are controlled. 
Like reference characters designate the saine 
parts wherever they occur in-all the figures. 
5  in his machine two milling cutters, shown, ai 
R and. F,.are-mounted ,on thesame shaft. The 
outrer Ris .the:roughing outrer and may have a 
profile simi!ar te that er the spaces between ,the 
gea_r teeth. That is, it-may-be what is commonly 
,10 known :as a formed cutter; although ,that is net 
an essential factor. It is rotated for cutting and 
giron a reciprocating translative movement across 
th.e circumference of a work piece V¢ in .the di- 
rection of t.he axis of the work piece .while the 
15 2atter is .withheld, frein rotation, and is fed to- 
ward the axes .of-the.work piece between recipro- 
catións: The outrer F is a finishing cutter, 
which is rotated and -reciprocated in the saine 
manner as ,the roughing outrer in the tooth spaces 
20 eut by-the ltter, while the work piece is rolled 
back- .and. forthacross .its intruding rim te cause 
generatien, of-.ace.curves on the vork piece .w.hich 
are conjugate te the profile of the. cutter. 
The structural features of the ,machine .com- 
25 -prise a base I 0 having separated uprights | |. and 
12 etween which is ,located a stol | on vhich 
a cutter,.carriae -| 4is supported .te reciprocate 
on guidevays .| 6 ,and .| , and the, cutte spindle 
I-/is rotatably mounted in .suitable .bearings. in 
30 e-carriage-i4..- 
A workcariage  is mounted on the .base 
.uprights-|| and |2 se as te ,bridge-across the in- 
termediate space in which, te cutters .are 
cated.. This carriage ,is .movable .reciprocably in 
35 a horizontal .path on guideways on the uprights 
and has a ,rotatable work spindle |9 (Fig 2) and 
a,til:StoCk 2{} supporting a retractable dead con- 
ter 2L in ,positiorl te cooperate with the work 
spindle | 9 .ósuppovt work pieces. 
40 The..stol- |3 .is conected ,with-a cylindrical 
tublar column-22 contained in .a sleeve bearing 
23-in the base, as-shown by Fig. '2. Secu.red 
the inteior of the column 22 and bearing against 
the under,side of a shoulder 24 therein .is an .an- 
45 nular nut'2» which-meshes-wih a tubular screw 
2,{}:suppoted on a-stop-bearing 2 in .the base 
and centered ,by an-annular bearing 28. Pro- 
gressive steps.of feeding.movemen-of the cutters 
towad .the..work:are imparted te the stool auto- 
0 matically .'by .a atchet 29 .and pawl 30 (Fig. 3). 
This, ratchet :is.. secured te a shaft. 3 |, .which car- 
ries..a bevel ,gear 32 meshing with a bevel .gear 
33 on 'an u.pright Shaft 34. The latter shaft trans- 
toits rotation through a bevel gear pair 36 te .a 
55 horizontal shaft 3{} on hich a pinton 3 is sec 



3 
cured. This pinion drives a face gear $8 through 
an id]e pinion 39. The face gear $8 is secured 
fo the base of tubular screw 26 so that if rotates 
the screw whenever the shaft S  is rotated, there- 
by raising or lowering the stool and cutters ac- 
cording fo the direction of rotation of the shaft. 
lotation of the stool whi]e being raised and low- 
ered is prevented by guides 39 on the base up- 
rights contained in guideways in a hand $2 which 
surrounds the rira of the stool and is clamped 
thereon. Stops 39S on the guides limit rise of 
the stoo]. 
The direction of rotation imparted by the 
ratchet 29 is that which causes the stool tobe 
raised. Pawl 39 is carried by an endwise movable 
bar 40, the upper end of which is reciprocable in 
a guideway 4 in the base, and the lower end of 
which is connected to the cote 42 of a solenoid 
4S secured immovably to the base. A spring 44 
normally holds the pawl carrier 49 in the e]evated 
position shown in Fig. 3, vhere the toe of the pawl 
is separated from the ratchet by a shield 45. A 
spring 45 is arranged fo bear on the pawl and 
carry ifs toe into engagement with the nearest 
tooth of the ratchet when downward movement 
of the pawl carrier brings the pawl clear of 
shield 45. A long enough movement is given fo 
the pawl carrier in each actuation to turn the 
ratchet by af least one tooth pitch. The solenoid 
is energized af intervals by means later described 
and so imparts a step by step movement to the 
stool. 
The stool is rapidly withdrawn from the work 
after completion of a series of cuts, fo permit in- 
dexing of the work during the rough-cutting pro- 
cedure, and returned to position for commencing 
a further series of cuts after indexing, by a re- 
versible electric torque motor 47, which is cou- 
pled by a chain 48 with a sprocket 49 also secured 
fo shaft 3. The motor 47 is started, stopped, 
reversed and restarted automaticallY af prescribed 
intervals. When if is activated, the pawl driving 
solenoid 4 is deenergized and the pawl then is 
held clear of the ratchet. 
The drive for the cutter shaft  is taken from 
an electric motor 50 (shown only in the electrical 
diagram), which drives a shaft 5 (Fig. 1) by a 
belt and a pulley 52. Shaft 5 is geared by a 
spur gear pair 53 to a shaft 54, which drives 
through bevel gears 55 and 5 a shaft 57 con- 
tained in a bearing 55 secured in the bearing 25, 
previously described, coaxia]ly therewith and with 
the bearing sleeve 23. -.. 
Shaft 5] is ruade fast by splines 59 and a pin 
9 fo a tubular shaft section 5 which has a slid- 
ing splined connection with a shaft 52 mounted 
rotatably in a bearing 53 secured to the column 
22 of the stool; shaft 62 having shoulders em- 
bracing bearing 3 so that it is moved endwise 
whenever the stool is moved, and fo the saine ex- 
tent. Shaft 52 is connected by a bevel gear pair 
54 with a shaft 55 mounted in a radial bearing 
in the stool, from the outer end of which the 
shaft protrudes, and the outer end of shaft 55 
is connected by a belt and pu]ley, or chain and 
sprocket, drive 55, 5], 5 (Fig. 5), with a shaft 
59. Shaft 59 is contained in a bearing ]0 sup- 
ported by a bridge structure 7  which is mounted 
on the stool and overlies a part of the cutter car- 
5age 4. A worm shaft 72 is mounted rotatably 
in a housing ]3 on said bridge structure in aline- 
ment with shaft 59, to which if is coupled by a 
coupling ]4. A worm ]5 on this worm shaft 
meshes with a worm wheel ]0 secured fo the cut- 
ter spindle  ]. 

4 
The a]ined shafts  and ]2 are para]]el with 
the guideways on which the cutter carriage 4 
reciprocates, and the worm housfl]g ]3 bas a slid- 
able engagement with the carriage, whereby 
5 driving connection is maintained with the cutter 
spindle throughout the fu]l range of reciprocation 
of the carriage; and the worm wheel 75 is equal 
in diameter, or approximately so, at its pitch 
circle to the cutters 1 and F, the shaft bearings 
lO being suitably located to permit this condition to 
exist. Thus the cutting speed of the cutters rela- 
tive fo the work is maintained constant during 
reciprocations in both directions, provided the 
speed of the worm is constant. 
15 Reciprocating motion is imparted fo the cutter 
carriage by hydraulically actuated plungers ]] 
and ]5 working in cylinders ]9 and 50, respec- 
tive]y, secured on the stool. These plungers bear 
against opposite]y facing abutment shoulders 5 
2O and 52 on the carriage, whereby working fluid ad- 
mitted alternately to the cylinders, and corre- 
spondingly relieved from them, causes the car- 
riage fo be moved back and forth. Connections 
for admission and exhaust of the working fluid 
25 are indicated ai 5 and 54 in Fig. 6. 
The work carriage 5 is reciprocated by means 
of a piston 55 (Fig. 1) working in a hydraulic 
cylinder 5. The cylinder is flxed rigidly to the 
upright 2 of the base structure in parallel with 
3o the carriage guideways, and the piston is formed 
as a collar or flange surrounding a rod 5], which 
extends through both heads of the cylinder and 
is secured fo the carriage by a bracket 53. The 
head 5] ai the left hand end of the cylinder as 
35 viewed from the front (Fig. 1) serres as a stop 
to limit the movement of the carriage to the left 
and locate the carriage in the position for per- 
formance of the rough cutting operation. In that 
position the axis of the work spindle is directly 
4O over the roughing cutter 1 and the path in which 
that cutter reciprocates. Admission and exhaust 
of working fluid fo the cylinder ai opposite sides 
of the piston is contr011ed by means later de- 
scribed in connection with the hydraulic diagram. 
45 ttowever, a part of such means is shown in Fig. 1 
consisting of adjustable dogs 90 and 9 on the 
carriage  3 adapted fo move a trip valve back and 
forth. 
A hydraulic indexing motor 92 (Fig. 2) is con- 
5o nected with the work spindle  9. This motor may 
be of any one of several known types of rotary 
motor and includes a housing or stator which is 
secured fo the carriage structure and a rotor se- 
cured fo the spind]e. Pressure fluid is admitted 
55 fo this motor under control of valve means, later 
described, from time to time when indexing of the 
work is needed. 
Ya the operation of this machine the carriage 
remains stationary while rough cutting of the 
6o work is being performed by the cutter 1, and 
the work is indexed after each tooth space or 
groove bas been cut to the prescribed depth, 
until all of the prescribed number of tooth 
spaces or grooves bave been cut. Then the car- 
65 riage is shifted (to the right with respect to Fig. 
1) into a position permitting the flnishing cut- 
ter F fo act on the work, and is reciprocated, 
with simultaneous rotary movement of the work 
spindle, so that the side of the work piece next 
7o fo the cutter is rolled across the rim of the cut- 
ter fo cause generation of surfaces divergent 
from the profile of the cutter. The rotative or 
angular comportent of movement is imparted fo 
the work by the conjoint action of a cam mem- 
75 ber 9, which I bave called a former, and abut- 



as shown in . 9 The former is seoo  
shf:96:(Fi;: 11) - rottablheld by :thërk 
crg«lS t': Which.' e ,alary .m0ble 
pr'.:of: :a hdrauli..mot0r,:9 is-.seCued,, the 
stRtïo.- :rt. of,sueh 0r ,being. éd i the 
(g;»l))i ¢olëd:by:a  coneetingo 
ail ar  80.Whfch: h".rdtgtie bea$'R,4 
riëS:a :Coupli Pwl--I 2 SFig: :) Whihç:enggês 
oè b :an0ther-ç0f,eiës ïof.:.n0thes, in: a. 
pfeSte Opérti-n$- :revèrsibly: :in: :'thë,' -m0t, ,9 : 
cg,théf0er:t bear bn.thè abùtmëns:9 . 
and:gS: altêatèl.»=ïn ime Wit:=reeYsRls ,o:f OEhe 
annuler -m5Yeents, :of :thé: df-C .:' afC 
êd: h0ugh, the coedtin. 99 Rhd:ç - 
aahllY iiè:C0ë3pbdih:PaS sown- :in 
y Pëht ,-No:.2,387i66»'.Odbbër,-16» 195,-: an-d 
aë éab[e  nd-.'tablë'in: the mane ,nd 
fo:the:pfirp0ses dëSibêd in«saidatent. : 
ever, they include in addition a nbvC-feüfein 
thgt:th;abt cahiers,  8:ànd-4OS'-are'.sP - 
pOtëdb::à hbtdërlO6:wieh:s 0vRble,.bëily 
bétWëënt:it ësblihë-by an::adjtablë std 
S[bp:screw:..;$1::0 the :prt bf,thè h51ddr Whih 
mgkës..oRtaeç :with'-screw ..  9 Pf0jectï-:from 
 :oPosite.idé . 0f thkt:Rf:t0f::hë"-holSer  
Warda :Wll :l i  of thè .bàë.:frmë(,iJ.Io)  fo 
eage the wall and arrës tëhbldC :aç the 
l ëf/tS0Veent :aay  ffb :StO-P .sèw: I 9. 
THë: h=oIëP 16 earriës:.a feR:, elemet :$ 2 in 
meh with::"à, poh I I  -in dm-én,: coction 
th«ïa :desible oque mb. / ,,:whefeb'the 
h51dë«Cah'bé'-shiféd betWebn thëïhmitsïndi 
men ::bë:adjsted ,t0rd::and 'way 'frbm 
6hé=:nthër :(as :-ddSdrib:ed in my pri0r .,patt 
refeëd.d)-, hRs:a SlidihgspliRed-ement 
with :he ,êa-«l  6 by Whihï:it is :rotated,-. The 
holdër: 06:iS::plCed OEnd held. :In  OEe position 
sd inee:g; :10  ast:thë stop-189 wHen :e 
crrigge:is:locate as n gl forthe rough cut- 
ting:of'the Work, and-at:thê opposite limit 0lits 
di-gplRcçwhen, the:arriage is shted t0 
the: lodatioR for, ish ctting :reciproCation so 
as"to,put: the frmer.into action ,for .rolling the 
Work,astç the:finiing :cuttèr. 
TRe. a tOOisheld'stationa by a stop .pin 
Iq', ('g:;8) 'when =the: caiage I and holder 
8Sare-: in thë positions'shoWn in the drawings; 
themotOrg::the,exertîngforce fo press a head 
99,:en«the-c0eCg-,rod  againSt said pin 
a'd reSs:thé f0fmer-agat abutment 94. The 
StoP-,pin" t t  is mountedin :a :gde I   depend- 
i from the top wall ofthe carriage so as to be 
movgble;at ,extremity into and'out:of the 
pth;of-;Head 99a.  If isacted on by. a spng { 19, 
whch..çnormàlly.wfthdaWs ,if and:holds it out 
ofthë way of the hea 99a;  andit is .connected 
wi ,thecore of a -solenoid: 12 0'secured: to the 
cgrae-ànd so,afanged, tht, :w-. energized 
it:shift,, the -Stop;pin. into. blocRg position 
aaint:the resistane' 0f spring I I 9. A hous 
12I. enclbses :the'sole n'oid : 
,order,:to:cgse indexing:of thework--spdle 
th-d çaw1:10  is diseaged-from the4ndex pte 
I àd: fldèssuPë is:applied--the :indexing 

6 
nïofog: 92 at' fiie:,Sane tirïïë 
h:0f,.Workîng:'i to thè 
contolt:b:a wlve ,122: mOud 
Thi,: atvè :is :opeaed: .b.a,: ar :» 1-23::     ) 
5 which:.«is .pivote to.the:, Wok: 
Th6. ¢csin : of ::th  vte  :l  2: hs: cëcim 
with::é inde-: 0t0r 
fl ùner-preSe.:and:exgSç;.d:i 
10 sue to the :motor :whe..te  
against if b s-in-mevemen::a0t 
porting piyOt.;: . ç The.,cbe'of :à 
18 in::n aànge such tt th s01ëbid; 
15 when:eeenergizéd; 0yés the«a':ïha:iï'èctiOn 
dsplace: hë. :aCu ïl 2  in --è :ane «Whih 
caes the vgtVe: ,fo :at 
ing flUid.t 
m0r-: p0tënïl,l:aCti6 
20, spinlë:whënevë :tHL frm :tê index plate : $. 
dèëneigë,a 12:.a]tS bk: të psitiO 
stores the::actuat0r: l6:-,çeis:Dëibn, 
mr: But th.r 
me:late desi in 
moçeents: o  thë, 0rk:Sinlè ::tbagtlYtè ::ë 
ineX,i -m0tom-e:;t0Ime: 
wih .he we spïdlë:axis 
[29 : which:ïs, ïadjusably»-ted:ça-bCe 
s :a Chgme in«Vhlch 
35 plugr :1 2, eapgble o:,beg:$0rced ofitwad 
eëndïfig at 6ne :,idë 
pin: {$:reSsinagt ë:e:d0'H: lineat:he 
0 oppsite siëbf t:piçot 
surë:lifiOf OEfië pIger.-   '-  caig 
hydraic :piëë ,: fO 
4 which eteds:,.iteCng Pelati:witha 
cm -sace  3 6 on, a.¢ïl. :ëxion, :of:të  cou; 
pling Pwt 1.02.: Th :trigèbis :hël: b. a 
agàst /Stop o thë-d::h 
50 th reCfion,aayfrm';thàç'am:.surfgee-bt- 
is yieldable .la e op0i:'dlrfi0n. ï Forcëe - 
er-teden :th d0g by thë-Plunggr 
ated-b: h;Won flid: ings th 
in thëdiëcbioh,t0 ca'e:iStigger«to b'a on 
55 and traveI st th'e,fi  sface:«l: ' Therèby 
the:, c0UpIig:paWl ïs releasëd Trbm fhe ïffdëx 
latet: : on the return moVement6f th dg 
effected by.the spng.Presse,.p 
flid presSUre ïs:relëaSedfr6m ;the çlhèr; thè 
C0 triggeris abl t0eld  dàss:bY e :etremt 
of the Cam suffëë':f 6 :fte la,ter ShSuld hen 
bé,la ts pa. Ad]useatof  fhë brgckët 
guidèWay 12 9-enbldsth -deçà{ ] toi be: pt in 
coect:0eting :rè]gti0n«th%he c .sfae: 
65 other bracket I. criEg a .piveted dog 
158 :moun,:0n:afm 123ïh ad]usablè n- 
ggement-ith: the g$ëgY 1 9: Ts'brackèt 
is euipped With a flfii eeftedplg.  39 d 
sprig :présSed pin 14 :rgefl to..bean :and 
70 exeft pf.egSe gët hê dog.f8 ïn lines, on 
oposie,gies of fhe pivot of/the dog._ The con- 
strudti0a, an. argement of, plunger, and Pin. 
wl,th- respect: t0 the dog are essentilly .alike -in 
bofh, .brackê ] O and 
75 Brackt J7 .is adjted :fo ,a..poinf:.at whioh 
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the extremity of dog 138 will engage cam surface 
138 and displace the coupllng pawl when the 
arm 100 nears the end of its oscillative motion 
in one direction during the generating phase of 
the operation of the machine. The bracket has 
in addition a cam surface 4 in position to be 
engaged by a shoulder 42 on arm 0 ai the 
saine time when the coupling pawl 2 has been 
displaced, or immediately before. Shoulder 
142, acting on cam surface 141, shifts the arm 
125 with consequent actuation of valve 122 to 
admit working fluid to the indexing motor, 
whereby the work is indexed during separation 
of pawl 102 from the index plate. The tail 
of the pawl passes the extremity of the dog 
I$$ directly after the lndextng motor has been 
thus started, whereby the pawl is free to re- 
engage another notch of the index plate, be- 
ing actuated thereto by a spring, not shown. 
On the return movement of arm 100 thereafter, 
the rail extremity of pawl 102 displaces the 
dog 18 in passing, without being itself dis- 
placed; the spring pressed pin [4 then yielding 
to permit such displacement of the dog. 
The hydraulic system by which the cutter 
carriage, work carriage, indexing motor and 
former impelling motor of the machine embodi- 
ment here described are operated is shown in 
Fig. 12. Three pumps designated [43, [44 and 
[45 are connected to be driven simultaneously 
bY an electric motor !45 (Fig. 13). All the 
pumps take working fluid, which may be off, 
from a source of supply, such as a tank, in- 
dicated by the line [41. Pump [43 delivers oil 
to a valve [45 from which there is a return or 
byiass connection [40 to the source and a de- 
livery connection having branches [ 5, [ 5 [ lead- 
ing to a trip or pilot valve 152 and a reversing 
valve [5, respectively. Valve [4 is also con- 
nected by a line [54 to a control valve [55 oper- 
ated by a solenoid [55. When the solenoid is 
energized, valve [55 closes a connection between 
the line [54 and a return line 15.5a,: whereby 
back pressure is developed in line [54 which 
hold closed the by-pass connection [49 from 
the valve 148 and causes oil to be delivered 
under pressure to lines 15 and 15[. But when 
the solenoid [55 is deenergized, it shifts valve 
[55, or allows it to be shifted by a spring, so as 
to release the back pressure in line [54 to the 
return line [58a, whereby the valve [48 is 
shifted to open the bypass connection [49 so 
that the pump circulates the oil ineffectually. 
Valve 5 is a reversing slide valve having 
ports connected with the lines 0 and 84, re- 
spectively, which conduct oil to the cylinders 
and 8 (shown in Fig. 6), of the means for 
reciprocating the cutter carriage. The slide ele- 
ment in valve [5 is shifted back and forth by 
pressure delivered through pipes [51 and 
under the control of pilot valve [52. The pilot 
valve contains an internal rotary valve member 
which is turned alternately in opposite direc- 
tions by adjustable dogs [ 5 and [ 5 [ on the car- 
riage [4. In one position of the pilot valve, 
pressure is transmitted through the connection 
[51 to the left hand end of valve [53, thereby 
putting that valve in position to transmit pres- 
sure fluid from the line 15[ through line 0 to 
cylinder 19, and to connect the line 84 from 
cylinder 8 with the exhaust connection 
from valve [5 to the oil source. In the other 
position of the pilot valve, these connections are 
reversed. A pipe line [5 leads from the pilot 
valve to the supply tank, for permitting release 
of oil from either connection [51 or [58 when 
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the other is connected to receive pressure from 
the pump. 
Pump 44 is similarly connected through a 
bypass control valve 84 with a bypass to the oil 
5 tank and pressure with lines 55 and 55 lead- 
ing, respectively, to a slide valve Sl, which con- 
trols the former-impelling motor 91, and to the 
control valve 22 for the indexing motor 
Slide valve 51 is similar to the valve 155. In 
le one position it connects the pressure line 
with a line 58 leading to motor 1 for driving 
the latter in one direction, connecting a line 
from the opposite side of the motor with an 
exhaust connection 1; and in the opposite 
15 position, the slide valve connects the pressure 
line 55 with line 5 for driving the motor in 
the opposite direction, connecting line 55 with 
the exhaust connection 1. Pressure is ad- 
mitted to opposite ends of the reversing valve 
2o 51 to shift the slide element therein by pipe 
lines 1 and 12 under control of the valves 
which controlæ and are controlled by, the work 
carriage 8, so that the direction of force ap- 
plication on the former 0 is reversed with re- 
25 versals of the force application to the work 
carriage motor. 
The pressure line 85 from the pump 44 
connected by a branch connection with a con- 
trol valve 13 having an internal slide member 
3o which is coupled with the core of a solenoid 
and a pipe line 134 leads from the casing of 
valve 1 to the plunger 2 by which the trip- 
ping dog  of the pawl 12 is actuated. In the 
deenergized condition of solenoid 14, line 
35 is in exhausting connection with the oil supply; 
and when the solenoid is energized, pressure 
applied to plunger 
Working fluid for driving the indexing motor 
92 is delivered from valve 22 through a pipe 
4o line 15. A branch 11 from this line passes to 
a port in a slide valve casing 18, from another 
port of which a line 19 leads to the pressure 
chamber in which plunger $ is mounted. An- 
other branch from line 15, containing a retard- 
45 ing coil $0 leads to one end of the valve casing 
1 for shifting the slide valve element 
therein endwise toward the other end of the 
casing, from which there is an exhaust connec- 
tion 82. A return bypass, controlled by a check 
.50 valve 18a is connected across the retarding coil. 
With the valves 22 and 8 in the positions 
shown in Fig. 12, which are those occupied 
when solenoid 21 is inactive, the line 15 and 
its branches are cut off from the pressure line 
5.5 6. When the solenoid 21 is energized, and 
also when arm 2S is displaced by action of the 
arm 00 which oscillates the work spindie, line 
1 is cormected with the pressure line 85. Also 
pressure exerted with delayed action through 
6o coil 0 shifts slide valve 8! and causes pres- 
sure tobe exerted on plunger , thereby shift- 
ing dog 38 into the path in which the tail of 
the index pawl 02 travels. 
Pump |45 delivers pressure through branches 
c5 4 and 05 of a pipe line to a reversing valve 
85 and a pilot valve 81. The pilot valve 
bas 9_ngers actuated by the dogs  and  on 
the work carriage to connect the pressure line 
05 alternately with a pipe line 88 leading to 
70 one end of the reversing valve 5, and a pipe 
line 9 leading to a control valve  which is 
actuated by a solenoid 10. A pipe line 
leads from the control valve I g to the end of 
reversing valve 85 opposite to that with which 
75 the line 8 is connected. Pipe lines 95 and 
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lead tO .the oppositeends 5the motor cylinder 
8 by .whih?the workarlgeisrecip roated, 
and are coected alaoely with the preure 
ne 184 and: anCaust¼Âi :195.- :.The les 17 I 
and: i 72 leadg :to:oppositen& 5f:therevësg 
:valve  67 are. :coupl'ith  the:  es.  93:and 
: 94, respectively« whereby : trie rm0r : 97 : (by 
:which:oer/9$ :eisimpêlled)-ïs rersed simul- 
tneously.with.thework  caagè 
ens01enoid 19  2s inactive, valve  90 closes 
:the :coetion: between :the.lines:  89and" 192, 
and coec.:: ne :  92 :ith:£he. exhaust -line, 
..emiting -.the: reversing valve  186: to occupy 
the,:position wherein les   84  and .  94 .are: con- 
nec: and:pres sure'.is.: pplied :ta ,the .ork car- 
limage' motor to:holdthecaa$e in;the::pos igon 
sho in g. 1 ; and::: force ts - exed-on the 
:,former :pelling motor: 97 fo cause thefomer 
-to be presoed" agast ábuent  94 nd the head 
99a on conneng;:rod 9to:bepressed agaimt 
stop pin I 7.- tïvatgo£ solenid- 9 cäuses 
valve   90 to«coect"les:189 a.nd,  92 whereby 
:Shdevalve: : 86 is shd  its:'oPposi .position, 
-: and the cuer" carage:mod, away: £mm:the 
.úgng:position o the ]ocation-inw-hich 
:perles i:automàtic:reciprocating action.and 
the: genérative hing= eUtS« are: pefformed. 
:: emotors, and: solCoids :menti0ned.. in :. the 
preceding,*descApti 'are«:cnrolled :electAcal- 
ly by..switches;.cofls=¢ontactors,: d timing re- 
lays ::shown: in : the ;electAcal ¢:Ang diagram, 
g 13. 
;A Sartg .swith s«adstop-swih s -are in 
- circuit with the .coil'oï :a maetic, sarer 
 ...Wch.wheenergied, closthe.starr con- 
tgctS and' :aDpliesowbr 'tbe 
by wch thepps 14â; 144an 145 aredven. 
:0ther Starting :switbh" 
are in circuit with the coil oï maetic sarter 
Ar.hich, when energizëd,«closesa contacç c . 
This in turn enerzesçthe  coil' of  magnetic 
tarter  Bfor thecutter motor 
the saer  and appes:ower: 'o: thb  mor. 
 other': tarting stch 
are in circuitwiththe coilB»:wch, hen:en- 
ergized, closes a contact  c  and  energi zes coil 
156 «which operates :hyaücvlve "155 The 
solids: 12ff: and- 12: a eged. placing stop 
in/I I  in-bl0cng osi0n,: and caung hy- 
 draic pressure o be-ïaDçed o: the -indexg 
ïmor: 92 ;essure OEsalso-:apped to the hy- 
 draulic  m0tor 9, : causig;f0er gâ..o be 
. pressed againt autment 94 : nd-.hèad: 99- -o .be 
pressedagait sto .p 
-y .bepush button=swithes ad:are; so:in - 
- caed.g. 1),;:àre oDerted»the ;mbtor,oDer- 
:.àtg the .hydrauc. DDs, çthecutter:ding 
 0tor, and the Cut - caage  reiproatio 
 Let l'be assed that«.thestbolis clown «and 
 siches ,  and s.have been closed. 
::Ech te te  cuttèr;cage 14 ç reches .the 
end of its sirote in 0nerection,. it .closes 
the inrcloc c , which enerzes..thecbil 
 C0nacor D though; cl0sëd contacb  and on 
. Of te  bl0séd contacts of :contaer 
 contàcb c« of conacor.-D, clbsbs--ad  enerizes 
coiI of solenoid. 4 «Wieh: actuates 
fl, and lifs the sool:throg 
movement. 
iS c0nnuesunil: the soolreachës the pre- 
deeined upper limi of its travel. &ti 
te, lt switch /bloses... Itis. so-cl0sed by an 
actuat0r 9] (g.  1) 0ùntêd djtably' 0n 

 the stool to enäble the location of ',the uiper 
limit of:movement tobe  varied. :Closing::of 
switch 12 energizes coil of contàct0rD1; çwhich 
operates a contact c to close themotor .circuit 
5 of timing relayD2. The:.timer I-:operates. 
 After .a rime (allowing the Cutter:Carriage-to 
take. a complete Stroke) the rimer ,contàct,: 
. closes, which: energizes" cil-of contactor- 
through normally .closëd;.contact-c 19. A.-:con- 
10 tactc20 of D 3 :then.closes the coi circuit'of the 
stool m0tor starté D g ,hïch:becomésacive:nd 
applies .power fo stool mtor :-.to.-lower the 
' stool. 
Ano%her contat Cl-ofc0ntactor D»cauSe the 
15 ratchet coil E of a counter |98 (see Fig. 1): to 
be energized, causing the:cbunter to'count.:one. 
Limit switch : is/opened hen the:stool!com- 
mences: its descent-and switch P is.closedwhen 
the Stol reaches its bottom position. ,This.clos - 
20 ing of l  closes the .cirCuit, to c0il of:contactor 
B. which is energized.  One contact: 
closeS the circuitof s01en0id: |4 Wlich 0perates, 
herëby vàlve |]$ is:shiïted to cause the./nlex 
pawl trippingdog || torelease.Pawl' |ç.:and 
25 permit indexing of thewofk« The:coit :,sole- 
noid  |2 being then energized, the vàlve: 
open 'admitting fluid:pressure'to: the hy.draulic 
indexing motor 92. Hence,: when ithe -index 
pawl is tripped (disenggged .rom::index ptate: 
30 and quickly released) ; the.work spindle indexes 
one n0tch. 
 When cil"of -contactor B  was :ènergied' .as 
stool reached:.ïts bottom p0sition:n0ther:of.,its 
c0ntactsc , closed and energized:.moto  of £ime 
35 delay relay G. After the .rime 'settng 
(fo allow:.iridexing-to take:place) its,!contact 
. c 0 was loséd, which energized coil ofçContàctor 
This:'operation of contactor  throws .;he 
40 Contról :back to the interlocl c  on the:cutter 
crriage s hat ai theend of each stroke: of the 
cuttèr car-riage, the  :interl0ck c  closes 
" causes thè --stool  operating ratChet i- 29 .fo be 
' turned up 0ne notCh. As:.the stool:" reàchem the 
45 top limit(contròlled byï/), the:stol is«loered 
as .before. 
The counter 98 is turned byits ratletone 
step each rime the Stool is raisëd. 
Af ter thecounter | 98: bas coCted the number 
5o bf notchéS in work :(for whichitis set):ï-the 
 COntact m 0f contact0r G closes, and:the:stool 
descends:..The c0il oï/contact0r Cr  iS-energized 
. arid the latter causes coil of: contactor Gto:-be 
energized. A contact C2 oï G«:energizescoil 
55 of contactor G. The last named.contactor 
- Clòses its contact c. in the. circuit oï :the valve 
0perating solenoid | 9 | and.op'ens ifs nonally 
closed contact c in the circuit of selenoid« 
and he pin operating solenoid | 2, whereby-, the 
6O means for recipr0catàng thework slide are;set 
into. operation: and the obstruting pin ||. is 
moved out of the way of the-oscillating.-work 
spindle arm. -Solenoid ! 2] is deenergized,, re- 
leasing oil pressure ïrom index .motor-9ç::,and 
¢5 from plunger | 9 of dog | 8. Cöntrol. of:valve 
|22 is thereby transferred-toE the arm  |-2, which 
is free fo be controlled by the:osc211ating'-spndle 
arm |. When arm |9 is rotated-.counter- 
clockwise fo near .the end .of its stroke,, the in- 
7O dexing operation can take-place. Contactor 
coil OE is deenergizedaïter counter | 98 has«been 
reset and coil oï.G  bas energized. 
Coil of ç contactoris then deenergized. 
This closes.the circuit of a, coi.l. G 8 w.hich .by 
75. closing a switch in one oï  the circuits-o£ :motor 
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l l4; causes the motor to shift the abutment- 
carrying block IO into its position for perform- 
ing the finishing operation on the work, as 
termined by the adjustable stop ||9. When in 
. that position an interlocking switch Z 3 is engaged 5 
by the.block and closed,whereby the coil of a 
contactor H is energized and three contacts are 
closed. The stool is raised to the elevated po- 
sition suitable for finish cutting by its motor 
47 and held there untfl all the teeth of the work 10 
piece bave been finished. This elevated position 
is determined by the stops 303. A coilE 1 in 
the counter is operated to release the driving 
ratchet thereof and permit the counter to re- 
turn to zero. 
Following actuation of solenoid |9|, the work 
carriage is set into automatic reversal by the 
hydraulic system described and the impelling 
motor 97 for the former is reversed in rime with 
reversais of the carriage. Thereby the work 20 
is rolled across the rim of the finishing cutter 
F; and itis indexed at the end of each travel 
of the carriage in one direction, by the indexing 
motor 92 when pawl |92 is tripped by dog |39. 
A switch actuator |99 is mounted adjustably on 25 
the carriage in position to engage a projecting 
part on a .switch c TM which is in the circuit of 
the cofl E by which the driving mechanm for 
counter |90 is operated, and closes that switch 
in the course of each travel of the carriage from 30 
left to right. C]osing of that switch causes the 
coil E of the counter to be energized and the 
counter indicator to be advanced a step. At 
the completion Of a prescribed number of steps, 
the counter causes contact r to be closed 
whereby coil of contactor G  is energized. 
Circuits are thereby closed which cause the 
motor 47 to lower stool |3. The stool reaches bot- 
tom and switch P closes, which operates contactor 
B 2. A contact of B  closes the circuit of contactor 0 
coil B whereby the reversing switch of motor 
||4 is closed. The motor is driven in reverse, 
whereby the abutment carrying b]ock |9 is with- 
drawn to the position for the first cutting 
eration. A short rime later the coil of contactor 
A  is deenergized, and solenoids |, |74, |9|, |29 
and |27 are deenergized, whereby the machine 
is stopped with the work carriage in the left 
hand position (Fig. 1) ready to repeat the cycle 
when a blank w0rk piece has been substituted 0 
for the finished piece. The stool is lowered until 
it reaches a positive stop af the bottom. As its 
motor 47 is a torque motor it can remain ener- 
gized without harm when stalled by arrest of 
the stool. 
It has been previously stated that the prin- 
ciples of the invention may be embodied in 
mechanical constructions of different designs 
than that here shown. Among the variations 
which may be made is to substitute a grinding c0 
wheel for a milling cutter as the finishing tool. 
However, the roughing cutter must of practica] 
necessity be a milling cutter in order to accom- 
plish the desired result of rapid production. 
Other electrical units and combinations than 
those here shown may be employed, within the 
skill of the electrical engineer; and I may 
ploy wholly mechanical operating and control- 
]ing-means, a]though the hydraulic and electrica] 
means are preferred. It is preferable also to ï0 
employ electric torque motors as the means for 
imparting the rapid movements to the stool and 
the abutment carrier, as these motors are able 
to exert constant force when energized, even 
though stationary; and like motors may be used 
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instead of hydraulic motors for indexing the 
work spindle and impelling the former. 
I claire: 
1. A roughing and flnishing machine tool com- 
prising a work carriage, a work spindle rotatably 
mounted on said carriage, a tool holder, rough- 
ing and finishing cutters supported by said 
holder with a spaCe between them, means for 
actuating said cUtters, said work carriage and 
cutter holder being relatively displaceable to 
bring the roughing cutter and finishing cutter 
separately into operating relation with a :work 
piece mounted on the work spindle, and control 
means organized to hold the work carriage and 
spindle stationary whfle the roughing cUtter is 
in operating relation to the work piece, and. to 
impart reciprocative, moements, to the carriage 
and correlated rotational movements to the 
spindle when the finishing cutter is in the op- 
erating relation to the work piece. 
.. A roughing and finishing màchine com- 
prising a cutter holder, a preliminary cutter and 
a finishing cutter rotatabl mounted on said 
holder with a space betwéen them wide enough 
to permit each to have an operating relation- 
ship with the saine work piece independently of 
the other, work holding means including a ro- 
tatable spindle adapted to hold a blank work 
piece, said cutter holder and work holder being 
relatively shiftable to effect operating relation- 
ship between each cutter in turn and such work 
piece, means for effecting a progressive feeding. 
displacement between the cutter holder and work 
holder when the prelimtnary cutter is in the 
operating relationship to the work, and means 
for effecting relative rolling movements between 
the work holder and flnishing cutter when the 
latte is in the operating relationship to the 
work. 
3. A roughing and finishing machine compris- 
ing a cutter Supporting stool, a cutter carriage 
movable reciprocably on said stool, a cutter 
spindle rotatably mounted on the cutter carriage 
with ifs axis transverse to the directions of more- 
ment of said carriage, roughing and flnishing 
cutters secured to said spindle and spaced apart 
axially of the spindle, means for imparting move 
ment to the stool in the direction transverse to 
both the path of said carriage and the axis of said 
shaft, a work carriage movable in a path trans- 
verse to the planes of rotation of the cutters, a 
work spindle rotatably mounted on the work car- 
riage with its axis transverse fo the cutter spindle 
axis and in relation to the cutters such that a 
work piece secured fo it can be placed, by dis- 
placement of the work carriage, into position for 
being acted on by either cutter independently of 
the other, control means for holding the work 
carriage and spindle stationary while the work 
is in operating position with respect to the rough- 
ing cutter, and means for causing the work car- 
riage to be reciprocated and the work spindle to 
be rotated in correlation to effect a rolling more- 
ment of the work piece across the plane of the 
finishing cutter. 
4. A machine according fo claim 3, combined 
with indexing means for the work spindle and 
controlling devices thereof operative to impart 
steps of rotation to the spindle while the work 
carriage is stationary with respect to the roughing 
cutter and a]so while the work carriage is in 
ciprocating motion with respect to the finishing 
cutter. 
5. A roughing and finishing machine compris- 
ing a cutter supporting stool having reciprocative 
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feeding and return movements, a cuiter carriage 
reciprocable on said steol in a path transverse 
fo the directions of the movements of the stool, 
a cuiter spindle mounted rotatably on said car- 
riage with ifs axis transverse to both the path of 
the carriage and the directions in which the stool 
is movable, roughing and finishing cutters 
mounted on said spindle with an axial spacing 
between them, means for supporting a work piece 
in different locations, one of which locations is 
contiguous te the roughing cutter and clear of the 
finishing cutter and the other location is contig- 
uous fo the finishing cutter and clear of the 
roughing cutter, means for imparting simultane- 
ous movements of rotation te the cuçter spindle, 
reciprocations fo the cutter carriage, and advance 
fo the stool while the work is in position fo be 
acted on by the roughing cuçter, means for with- 
drawing the stool while the work is in that posi- 
 tion, means for indexing the work while the stool 
and cutter are withdrawn, control means for 
causing the said movem.ents of the stool and work 
piece te be repeated a prescribed number of 
rimes, and means for subsequently imparting to 
the work piece a succession of rolling movements 
back and forth in cutting relation fo the finish- 
ing tool, and for indexing the work piece between 
successive rolling movement. 
6. In a machine tool having a cutter supporting 
stool and a cutter carriage mounted to recipro- 
cate on said stool, means for reciprocating said 
carriage, means operated by the cariage to cause 
steps of advancing movement fo be imparted fo 
the steol, and means operated by the stool when 
aïriving ata prescribed point in its advancing 
movement for causing the stool te be retracted. 
7. In a roughing and finishing machine hav- 
ing a reciprocable work carriage, a work spindle 
rotatably mounted on said carriage, means for 
reciprocating the carriage and a former coop- 
erating with abutments and connected with the 
spindle te impart angular movements te the 
spindle correlated with linear movements of the 
carriage, means for holding the carriage in one 
operative location and blocMng the former and 
abutments to prevent spindle rotation, and con- 
trol means for causing the carriage tobe put inte 
reciprocating movement and the former and 
abutments tobe simultaneously unblocked. 
8. In a roughing and finishing machine having 
a reciprocable work carriage, a rotatable work 
spindle on the carriage, means for reciprocat- 
ing the carriage and simultaneously turning the 
spindle back and forth in rime with movements 
of the carriage, and indexing means operable un- 
der control for turning the spindle in one direc- 
tion independently of said spindle turning means; 
control means including devices for holding the 
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carriage ai one ]imit of ifs movemenç and simul- 
taneously blocking the spindle turning means, de- 
vices for causing operation of the spindle index- 
ing means while in blocked condition, devices 
5 for unblocking the spindle turning means and 
putting such means and the carriage operating 
means inte action, and other devices for causing 
the indexing means te act on the spindle af pre- 
scribed intervals during repeated translative and 
10 oscfllative movements of the carriage and spind!e, 
respectively. 
9. In a machine of the character described, the 
combination of a supporting structure, a work 
carriage mounted te reciprocate thereon, a work 
1'3 spindle on the carriage, a former operatively con- 
nected with said spindle te control angular more- 
ments thereof, an abutment holder mounted on 
the supporting structure, abutments on said 
holder engaged with the former, and means for 
20 shifting the abutment holder into different posi- 
tions, in one of which the former is made in- 
operative for causing angular movements of the 
spindle, and in the other of which the former is 
made operative for that purpose. 
25 10. In a machine of the character described, 
the combination of a supporting structure, a work 
carriage mounted te reciprocate thereon, a work 
spindle on the carriage, a former operatively con- 
nected with said spindle te control angular more- 
$0 ments thereof, an abutment holder mounted on 
the supporting structure, abutments on said 
holder engaged with the former, means for shift- 
ing the abutment holder into positions for mak- 
ing the former operative and inoperative, re- 
$5 spectively, for causing angular movements of the 
spindle, blocMng means for the former movable 
into and out of a position in which if prevents 
angular movement of the former, and common 
control means for said blocMng means and abut- 
40 ment holder. 
EDWARD W. MILLE. 
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